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(54) BATTERY MODULE, BATTERY PACK, AND METHOD FOR PRODUCING BATTERY MODULE

(57) An inexpensive battery pack including a battery
module wherein a safety valve is provided for each cell
in which battery pack gas leakage can be prevented. A
battery pack 100 has a plurality of battery modules 110
each including a plurality of cells 120 respectively pro-
vided with a safety valve 123. The plurality of cells 120
included in each battery module 110 are arranged such

that safety-valve mounting walls 121a are oriented in the
same direction. Each battery module 110 comprises a
gas duct member 130 covering all the safety valves 123
of the cells 120 included therein and forming a gas dis-
charge path 131 between the gas duct member 130 and
the safety-valve mounting walls 121a, and a sealing
member 160 for hermetically sealing the gaps between
each cell case 121 and the gas duct member 130.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a battery mod-
ule including a plurality of cells, a battery pack comprising
such battery module, and a method for producing the
battery module. In particular, the present invention re-
lates to a battery module provided with a safety valve in
each cell case, a battery pack comprising such battery
module, and a method for producing the battery module.

BACKGROUND ART

[0002] Heretofore a battery pack comprising a plurality
of cells each having a safety valve has been known. The
safety valve works to release gas to the outside of the
cell when internal pressure of the cell exceeds a fixed
level due to the gas (hydrogen gas or the like) generated
during charge/discharge. Such battery pack is disclosed
in e.g. Patent Document 1. In the battery pack disclosed
as an embodiment of the invention in Patent Document
1, a plurality of battery modules (cells), each having a
safety valve, is arranged in rows in parallel. Each safety
valve is connected with a gas discharge tube to be con-
nected to an external exhaust part. Specifically, the gas
discharge tube has a plurality of outlet coupling parts
each of which is fit in a gas outlet port of each safety
valve for connection with the safety valve. In a battery
pack mentioned as a related art in Patent Document 1,
a T-shaped joint is placed in the gas outlet port of the
safety valve so that both ends of the joint are sequentially
connected through gas discharge tubes, thereby forming
a gas discharge line to be connected to an external ex-
haust part.
[0003] In the above battery packs, when the internal
pressure of the battery module(s) (cell(s)) exceeds the
fixed level due to the gas generated during charge/dis-
charge, each safety valve operates to release the gas
through the gas outlet port into the gas discharge tube
(the gas discharge line). Then, the gas is discharged out
of the battery pack through the gas discharge tube (the
gas discharge line) and the external exhaust part. In this
way, the gas released through each safety valve is col-
lected to be discharged together outside, thus improving
measures for safety, for example, to prevent the gas from
catching fire.
[0004] Patent Document 1: Japanese unexamined
patent publication No. 2001-110377

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In the conventional battery packs, however,
each cell is provided with the outlet coupling part, the T-
shaped joint, or the like as mentioned above for connec-
tion between the gas discharge tube and the safety valve.

This would cause high production costs. Further, a con-
nection nozzle of such coupling part, joint, etc. is likely
to cause gas leakage.
[0006] The present invention has been made in view
of such circumstances and relates to a battery module
provided with a safety valve in each cell and particularly
has a purpose to provide an inexpensive battery module
capable of preventing gas leakage, a battery pack com-
prising such battery module, and a method for producing
the battery module.

MEANS FOR SOLVING THE PROBLEMS

[0007] To achieve the above objects, the present in-
vention provides, a battery module including a plurality
of cells each of which is provided with a safety valve on
a safety-valve mounting wall of a cell case, wherein the
plurality of cells included in the battery module are ar-
ranged so that the safety-valve mounting walls are ori-
ented in the same direction,, and the battery module fur-
ther includes: a gas duct member which covers all the
safety valves of the plurality of cells included in the battery
module, thereby forming a gas discharge path between
the gas duct member and the safety-valve mounting
walls; and a seal member for hermetically sealing be-
tween at least each cell case and the gas duct member.
[0008] In the conventional battery packs, as mentioned
above, the gas discharge path for allowing hydrogen gas
to be released through the safety valve is formed by the
connection nozzle connected to the safety valve and the
gas discharge tube connected to this nozzle.
[0009] In the battery module of the present invention,
on the other hand, the gas discharge path is formed be-
tween a gas duct covering all the safety valves of the
cells included in the battery module and the safety-valve
mounting wall of each cell. The gap between each cell
case and the gas duct member is hermetically sealed by
the seal member. With this structure, the need for the
connection nozzle conventionally attached to each cell
can be eliminated. Accordingly, the cell module can be
provided at low cost and with enhanced reliability.
[0010] Here, the shape of a "cell" is not particularly
limited and may be for example rectangular or cylindrical.
Further, the "cell case" may be made of resin, metal, or
in part of resin and in part of metal.
[0011] The plurality of cells included in the battery mod-
ule has only to be arranged so that the safety-valve
mounting walls are oriented in the same direction. The
arrangement pattern may be selected appropriately. For
instance, the cells may be arranged in a row or in vertical
and horizontal rows. The single-row arrangement is pref-
erable because respective cells can be cooled efficiently.
[0012] The "gas duct member" may be any structure
capable of covering all the safety valves of the plurality
of cells included in the battery module, thereby forming
the gas discharge path between the gas duct member
and the safety-valve mounting walls. The materials and
shapes thereof are not particularly limited. For example,
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the gas duct member may be resin, metal, or ceramic. If
the gas duct member is made of resin, particularly, it is
suitable to achieve weight reduction of the battery mod-
ule. The gas duct member has only to cover all the safety
valves to form the gas discharge path between the gas
duct member and the safety-valve mounting walls. Thus,
it does not always have to cover the entire of the safety-
valve mounting walls. It may be arranged to cover part
of the safety-valve mounting walls.
[0013] The "seal member" may be any configuration if
only it hermetically seals between at least each cell case
and the gas duct member and its materials and shapes
may not be limited in particular. For instance, a gap be-
tween each cell case and the gas duct member may be
poured with adhesive or the like or be sealed by a sheet-
like adhesive tape or a heat-shrinkable tube as men-
tioned later.
[0014] Furthermore, in the aforementioned battery
module, preferably, the seal member fixes the gas duct
member to each cell case.
[0015] According to the present invention, the seal
member seals the gap between the gas duct member
and each cell case and fixes the gas duct member to
each cell case. It is therefore unnecessary to join the gas
duct member to each cell case. The cell module can be
provided at low cost accordingly.
[0016] In any one of the aforementioned battery mod-
ules, preferably, the seal member also hermetically seals
a gap between the adjacent cell cases.
[0017] When the plurality of cells are simply arranged,
a gap is likely to be generated between adjoining cell
cases of the cells, which may cause leakage of hydrogen
gas discharged through the safety valve. It is necessary
to prevent such gap in some way; for example, by joining
the cell cases to each other.
[0018] In the present invention, on the other hand, the
seal member hermetically seals even the gap between
the adjoining cell cases. By use of the seal member seal-
ing the gap between the gas duct member and each cell
case, the gap between the cell cases can be sealed read-
ily and inexpensively.
[0019] In any one of the aforementioned battery mod-
ules, preferably, the seal member includes an adhesive
tape attached to bridge across at least each cell case
and the gas duct member to seal between them.
[0020] According to the present invention, the adhe-
sive tape is used as the seal member and is attached to
bridge across each cell case and the gas duct member
to close the gap therebetween. This makes it possible to
seal between each cell case and the gas duct member
readily and inexpensively. Further, the use of the adhe-
sive tape facilitates fixation of the gas duct member and
the cell cases.
[0021] In any one of the aforementioned battery mod-
ules, preferably, the seal member is a heat-shrinkable
tube in a shrunken state that surrounds the cell cases
and the gas duct member and provides mutual pressure
contact between the cell cases and the gas duct member.

[0022] According to the present invention, the heat-
shrinkable tube is used as the seal member. This heat-
shrinkable tube in a shrunken state surrounds each cell
case and the gas duct member and holds them in pres-
sure contact relation with each other. With this structure,
it is also possible to seal between the cell cases and the
gas duct member readily and inexpensively. Further, the
use of the heat-shrinkage tube facilitates fixation of the
gas duct member and the cell cases.
[0023] In any one of the aforementioned battery mod-
ules, preferably, each cell case is made of metal in at
least part of a case surface, the seal member has electric
insulation characteristics; and at least the metallic parts
of the case surfaces of the plurality of cells included in
the battery module are covered by the seal member.
[0024] If the case surface of a cell case is made of
metal and exposed outside, current leakage may be
caused due to surface condensation.
[0025] In the present invention, on the other hand, at
least a part of the case surface of the cell case is made
of metal, and at least this metallic part of the case surface
is covered by the seal member having an electrical insu-
lation property. Accordingly, the metallic surface of the
cell case is unexposed, surely preventing current leakage
which would be caused by surface condensation.
[0026] In any one of the aforementioned battery mod-
ules, preferably, the seal member is a sheet form having
a thickness of 0.5 mm or less.
[0027] In the case where the seal member is a sheet
type being thick, cooling characteristics (heat release
characteristics) of the cell will decrease. To be more spe-
cific, the thickness of the seal member exceeding 0.5 mm
may have an influence on the cooling characteristics.
[0028] In the present invention, on the other hand, the
seal member is formed as a sheet having a thickness of
0.5 mm or less. Thus, the cell can provide sufficient cool-
ing characteristics.
[0029] In any one of the aforementioned battery mod-
ules, preferably, each cell case is of a rectangular paral-
lelepiped shape, in which the safety-valve mounting wall
is rectangular, and the plurality of cells included in the
battery module are arranged so that respective side walls
each including a short side of the safety-valve mounting
wall and being perpendicular to the safety-valve mount-
ing wall face each other.
[0030] The arrangement pattern of the cells may be
selected appropriately as mentioned above; however,
some patterns may deteriorate the cooling characteris-
tics of the cell.
[0031] In the present invention, on the other hand,
each cell case is of a rectangular parallelepiped shape
having the rectangular safety-valve mounting wall. The
cells are arranged in a row so that respective side walls
each including the short side of the safety-valve mounting
wall and being perpendicular to the safety-valve mount-
ing wall are arranged side by side. In this configuration
of the cells arranged in a row, the narrow side walls face
each other, while any cell included in the same battery
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module does not exist along the wide side walls each
including a long side of the safety-valve mounting wall
and being perpendicular to the safety-valve mounting
wall. This makes it possible to efficiently cool each cell
through the wide side wall. The cooling characteristics
of each cell and hence the battery module can be further
enhanced.
[0032] Further, in another aspect, the present inven-
tion provides a battery module comprising: a cell group
in which a plurality of cells each provided with a safety
valve in a safety-valve mounting wall of a cell case is
arranged in a row so that the safety-valve mounting walls
are oriented in the same direction.; a gas duct member
placed over the safety valves of the cell group to cover
them, thereby forming a gas discharge path between the
gas duct member and the safety-valve mounting walls;
a first side cover that covers the cell group and the gas
duct member from one ends thereof in a cell arrangement
direction; a second side cover that covers the cell group
and the gas duct member from the other ends thereof in
the cell arrangement direction and has a gas discharge
port communicated with the gas discharge path; and a
seal member that is placed between the first side cover
and the second side cover and hermetically surrounds,
in a sleeve shape, the cell group and the gas duct mem-
ber, the seal member including a first open end portion
at one end which is hermetically fixed to around the first
side cover and a second open end portion at the other
end which is hermetically fixed to around the second side
cover.
[0033] As described above, heretofore, the gas dis-
charge path for discharge of gas going out of the safety
valve is formed by the connection nozzle connected to
the safety valve and the gas discharge tube connected
to this nozzle.
[0034] In the present invention, on the other hand, the
gas discharge path is formed between the gas duct mem-
ber and the safety-valve mounting wall of each cell by
the gas duct member covering each safety valve of the
cell group. The second side cover is arranged on one
ends of the cell group and the gas duct member in the
cell arrangement direction. Further, the gas discharge
port communicated with the gas discharge path is formed
in this second side cover. Accordingly, the gas released
through the safety valve is discharged to the outside of
the module through the gas discharge port. Thus, the
need for the connection nozzle or the like conventionally
attached to each cell can be eliminated and a gas dis-
charge path can inexpensively be formed.
[0035] In the present invention, furthermore, the first
side cover is also disposed on the other ends of the cell
group and the gas duct member in the cell arrangement
direction. Additionally, the sleeve-shaped seal member
is provided between the first and second side covers to
hermetically surround the cell group and the gas duct
member. This seal member is hermetically fixed to the
first and second side covers respectively so that the first
open end portion thereof surrounds the first side cover

and the second open end portion surrounds the second
side cover. This configuration makes it possible to her-
metically seal the entire battery module, preventing the
gas released through the safety valve from leaking from
any portion other than the gas discharge port. Further,
this can prevent the electrolyte even if leaks from the cell
from leaking to the outside of the module.
[0036] Here, the "cell group" has only to be configured
such that the cells included therein are arranged in a row
with respective safety-valve mounting walls being orient-
ed in the same direction. The connection patterns or the
like may be selected appropriately. The terms "cell", "cell
case", and "gas duct member" are as described above.
[0037] The "first side cover" has only to cover the cell
group and the gas duct member from their one ends in
the cell arrangement direction. The materials, shapes,
and others thereof are not particularly limited. The "sec-
ond side cover" has only to cover the cell group and the
gas duct member from their other ends in the cell ar-
rangement direction and include the gas discharge port
communicated with the gas discharge path. The materi-
als, shapes, and others thereof are not particularly limit-
ed.
[0038] The "seal member" in the present invention has
only to meet the above requirements and its materials
and others are not particularly limited. The way of fixing
the seal member to the first and second side covers is
also not particularly limited. For instance, the fixation may
be carried out by use of adhesive, by welding, or by a
combination of adhesion and welding.
[0039] In the aforementioned battery module, prefer-
ably, the first side cover, the second side cover, and the
seal member are made of resin respectively, the first
open end portion of the seal member is hermetically fixed
by welding to the first side cover, and the second open
end portion of the seal member is hermetically fixed by
welding to the second side cover.
[0040] The seal member may also be fixed to the first
and second side covers by use of the adhesive as de-
scribed above. However, when the electrolyte leaks from
the cell and penetrates into such fixed portion, the adhe-
sive is likely to change in quality, deteriorating adhesive
force, because the electrolyte is generally alkaline. This
may cause the seal member to come unstuck from the
first and second side covers.
[0041] In the present invention, on the other hand, the
seal member and the first and second side covers are
made of resin and the seal member is welded to the first
and second side covers respectively. Hence, even when
the electrolyte having leaked from the cell reaches the
fixed portion, the seal member is unlikely to come unstuck
therefrom, thus achieving improved sealing characteris-
tics. In the present invention, further, the seal member
has only to be hermetically fixed by welding to the first
and second side covers respectively. They may hermet-
ically be fixed by only welding or by additional welding
on the adhered portion.
[0042] In the aforementioned battery module, prefer-
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ably, the first open end portion of the seal member is
welded to the first side cover without interposing adhe-
sive, and the second open end portion of the seal member
is welded to the second side cover without interposing
adhesive.
[0043] The seal member may be fixed to the first and
second side covers by a combination of adhesion and
welding as mentioned above. However, there may be a
case where an attempt to additionally weld the adhered
portion leads to an insufficient welding result because of
influence of the adhesive existing in the adhered portion.
[0044] In the present invention, on the other hand, the
seal member is fixed by welding to the first and second
side covers without interposing adhesive. It is therefore
possible to reliably weld the seal member to the first and
second side covers respectively with further enhanced
sealing characteristics in those portions.
[0045] In any one of the aforementioned battery mod-
ules, preferably, the seal member is formed of a rectan-
gular sheet-like seal member wrapped in a sleeve shape
around the cell group and the gas duct member so that
a first end portion along a first edge and a second end
portion along a second edge opposite the first edge over-
lap each other, and the first end portion and the second
end portion are hermetically fixed to each other.
[0046] According to the present invention, the seal
member is formed of the rectangular sheet-like seal
member in a sleeve-like shape wrapped around the cell
group and the gas duct member so that the first end por-
tion and the second end portion are hermetically fixed to
each other. This configuration can easily provide a
sleeve-shaped seal member hermetically surrounding
the cell group and the gas duct member. The way of fixing
the first and second end portions is not limited to partic-
ular one. For instance, the fixation may be performed by
use of adhesive, by welding, or by a combination of ad-
hesion and welding.
[0047] In the aforementioned battery module, prefer-
ably, the sheet-like seal member is made of resin, and
the seal member is arranged such that the first end por-
tion and the second end portion of the sheet-like seal
member are hermetically fixed to each other by welding.
[0048] The first and second end portions may be fixed
by use of adhesive as mentioned above. However, if the
electrolyte leaks from the cell and penetrates into the
fixed portion, the adhesive is likely to change in quality,
deteriorating adhesive force, because the electrolyte is
generally alkaline. This may cause the fixed portion to
come unstuck.
[0049] In the present invention, on the other hand, the
sheet-like seal member is made of resin and the first and
second end portions are fixed by welding. Accordingly,
even when the electrolyte having leaked from the cell
reaches the fixed portion, the fixed portion is unlikely to
come unstuck, thus achieving improved sealing charac-
teristics. In the present invention, further, the first and
second end portions have only to be hermetically fixed
by welding, and may be hermetically fixed by only welding

or by additional welding to the adhered portion.
[0050] In the aforementioned battery module, prefer-
ably, the first end portion and the second end portion of
the seal member are welded to each other without inter-
posing adhesive.
[0051] The first and second end portions of the seal
member may be fixed by a combination of adhesion and
welding as mentioned above. However, there may be a
case where an attempt to additionally weld the adhered
portion may lead to an insufficient welding result because
of influence of the adhesive existing in the adhered por-
tion.
[0052] In the present invention, on the other hand, the
first and second end portions are fixed by welding without
interposing adhesive. It is therefore possible to reliably
weld the first and second end portions to each other with
further enhanced sealing characteristics in this portion.
[0053] In any one of the aforementioned battery mod-
ules, preferably, the seal member is in close contact with
each cell case of the cell group.
[0054] According to the present invention, the seal
member is in close contact with each cell case of the cell
group. This close contact of the seal member can prevent
defects such as breakage of the seal member in the han-
dling of the battery module. Further, the heat release
characteristics can be improved and thus each cell can
efficiently be cooled.
[0055] In any one of the aforementioned battery mod-
ules, preferably, the seal member is unfixed to at least a
first-side-cover-side portion of the gas duct member, the
portion extending across a first predetermined range
from the first side cover in the cell arrangement direction,
and a second-side-cover-side portion of the gas duct
member, the portion extending across a second prede-
termined range from the second side cover in the cell
arrangement direction.
[0056] Considering that the gas duct member has to
be reliably fixed to the cell group, it is preferable to entirely
fix the seal member and the gas duct member. However,
when the gas duct member is made of resin and the cell
case is made of metal, for example, in which the coeffi-
cient of thermal expansion of the gas duct member is
larger than that of the cell case, the gas duct member
will largely shrink whereas the cell case will not so shrink
under low temperatures, e.g. -40°C. Hence, no gap will
be generated between the first side cover and the cell
group and between the second side cover and the cell
group, whereas a gap will be generated between the first
side cover and the gas duct member and the second side
cover and the gas duct member. When the seal member
is entirely fixed to the gas duct member, therefore, the
portion of the sheet member corresponding to the gap
may be stretched strongly, which is likely to cause cracks
or the like in this portion. In particular, under low temper-
atures, the seal member itself becomes hard, which is
likely to be cracked.
[0057] In the present invention, on the other hand, the
seal member is not fixed to at least the first-side-cover-
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side portion and the second-side-cover-side portion of
the gas duct member. Specifically, at least the first-side-
cover-side portion and the second-side-cover-side por-
tion are allowed to freely move without being restricted
by the seal member. Accordingly, even when the gas
duct member shrinks under low temperatures, causing
gaps between the gas duct member and the first and
second side covers, the portions of the seal member cor-
responding to the gaps will not receive so strong stretch-
ing stress. Consequently, it is possible to prevent defects
such as cracks caused in the seal member corresponding
to the gaps.
[0058] In any one of the aforementioned battery mod-
ules, preferably, the seal member is fixed to the gas duct
member from one end to the other in the cell arrangement
direction, and the gas duct member includes a plurality
of sub gas-duct parts arranged in the cell arrangement
direction.
[0059] If the seal member is fixed to the gas duct mem-
ber from end to end, it is advantageous that the gas duct
member can reliably be fixed to the cell group. However,
as mentioned above, if the thermal expansion coefficient
of the gas duct member is larger than that of the cell case,
gaps will be generated between the first side cover and
the gas duct member and between the second side cover
and the gas duct member under low temperatures.
Therefore the portion of the seal member corresponding
to the gap may be stretched strongly, which is likely to
cause cracks or the like in this portion.
[0060] In the present invention, on the other hand, the
gas duct member is comprised of a plurality of sub gas-
duct parts aligned in the cell arrangement direction. This
configuration will allow the sub gas-duct parts to shrink
separately even when the gas duct member thermally
shrinks under low temperatures. Thus, a gap is generat-
ed between the sub gas-duct parts as well as between
the gas duct member and the first or second side cover.
This results in a relatively small gap between the gas
duct member and the first or second side cover. Accord-
ingly, the portion of the seal member corresponding to
the gap will not receive so strong stretching stress and
it is therefore possible to prevent defects such as cracks
in the seal member corresponding to this gap.
[0061] Further, in another aspect, the present inven-
tion provides a battery pack comprising one or more bat-
tery modules set forth in any one of the above descrip-
tions.
[0062] Comprising the inexpensive battery module ca-
pable of preventing gas leakage and electrolyte leakage,
as mentioned above, the battery pack can be low in cost
and high in reliability.
[0063] Further, in another aspect, the present inven-
tion provides a method for producing a battery module,
comprising a sealing step of wrapping a rectangular
sheet-like seal member having a first edge and a second
edge and a third edge and a fourth edge around a yet-
to-be-sealed battery module to hermetically seal it, the
yet-to-be-sealed battery module comprising: a cell group

in which a plurality of cells each provided with a safety
valve in a safety-valve mounting wall of a cell case is
arranged in a row so that the safety-valve mounting walls
are oriented in the same direction.; a gas duct member
placed over the safety valves of the cell group to cover
them, thereby forming a gas discharge path between the
gas duct member and the safety-valve mounting walls;
a first side cover that covers the cell group and the gas
duct member from one ends thereof in a cell arrangement
direction; a second side cover that covers the cell group
and the gas duct member from the other ends thereof in
the cell arrangement direction and has a gas discharge
port communicated with the gas discharge path; and
wherein the sealing step includes: placing the sheet-like
seal member so that the first edge and the second edge
extend along the cell arrangement direction; wrapping
the sheet-like seal member around the yet-to-be-sealed
battery module so that the second end portion along the
second edge overlaps the first end portion along the first
edge from outside while the third end portion along the
third edge surrounds the first side cover and the fourth
end portion along the fourth edge surrounds the second
side cover; hermetically fixing the second end portion to
the first end portion, forming the sheet-like seal member
in a sleeve shape; hermetically fixing the third end portion
to the first side cover; and hermetically fixing the fourth
end portion to the second side cover.
[0064] The battery module according to the manufac-
turing method of the present invention is arranged such
that the gas duct member covering each safety valve of
the cell group forms the gas discharge path between the
gas duct member and the safety-valve mounting wall of
each cell. Further, the second side cover is disposed in
one ends of the cell group and the gas duct member in
the cell arrangement direction and is formed with the gas
discharge port communicated with the gas discharge
path, thereby discharging gas released through the safe-
ty valve to the outside of the module through the gas
discharge port. Further, the rectangular sheet-like seal
member is wrapped around the yet-to-be-sealed battery
module whose first side cover is disposed in the other
ends of the cell group and the gas duct member in the
cell arrangement direction, thereby hermetically sealing
the entire battery module.
[0065] In the present invention, for such battery mod-
ule, the sealing process for sealing the sheet-like seal
member to the yet-to-be-sealed battery module is per-
formed as follows. Specifically, the sheet-like seal mem-
ber is disposed so that its first edge and second edge
extend in the cell arrangement direction. This sheet-like
seal member is wrapped around the yet-to-be-sealed
battery module so that the second end portion overlaps
the first end portion from outside, the third end portion
surrounds the first side cover, and the fourth end portion
surrounds the second side cover. After that, the second
end portion is hermetically fixed to the first end portion
to form the sheet-like seal member into a sleeve shape,
the third end portion is hermetically fixed to the first side
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cover, and the fourth end portion is hermetically fixed to
the second side cover. Since the sealing is performed
using the rectangular sheet-like seal member as above,
the entire battery module can easily be sealed hermeti-
cally.
[0066] Furthermore, in the aforementioned battery
module producing method, preferably, the sheet-like seal
member is a full adhesive sheet-like seal member whose
entire surface is applied with adhesive, and the sealing
step includes: hermetically fixing by adhesion the second
end portion to the first end portion; hermetically fixing by
adhesion the third end portion to the first side cover; and
hermetically fixing by adhesion the fourth end portion to
the second side cover.
[0067] According to the present invention, a full adhe-
sive sheet-like seal member whose whole area is applied
with adhesive is used as the sheet-like seal member. In
the sealing process, the second end portion is hermeti-
cally fixed by adhesion to the first end portion, the third
end portion is hermetically fixed by adhesion to the first
side cover, and the fourth end portion is hermetically fixed
by adhesion to the second side cover. Utilizing such full
adhesive sheet-like seal member, a desired portion can
easily be sealed hermetically when the seal member is
simply attached thereto. This can readily manufacture
the battery module entirely hermetically sealed.
[0068] Furthermore, in the aforementioned battery
module producing method, preferably, the sheet-like seal
member is made of resin and the second end portion
includes a second nonadhesive area which extends be-
tween the third edge and the fourth edge and is applied
with no adhesive, and the sealing step includes hermet-
ically fixing by welding the second nonadhesive area of
the second end portion to the first end portion.
[0069] Considering the sealing characteristics of the
finished battery module with respect to the electrolyte,
as mentioned above, it is more preferable to fix the first
end portion of the sheet-like seal member to the second
end portion by welding than by adhesive. However, the
way of additionally welding the adhered portion may lead
to an insufficient welding result because of influence of
the adhesive existing in the adhered portion.
[0070] On the other hand, the sheet-like seal member
used in the present invention has, in the second end por-
tion, the second nonadhesive area applied with no ad-
hesive and extending from the third edge to the fourth
edge. In the sealing process, this second nonadhesive
area is hermetically fixed by welding to the first end por-
tion. In this way, the second nonadhesive area of the
second end portion and the first end portion can be fixed
by only welding without interposing adhesive. According-
ly, the second nonadhesive area of the second end por-
tion and the first end portion can reliably be fixed to each
other.
[0071] Furthermore, in the aforementioned battery
module producing method, preferably, the sheet-like seal
member includes a second adhesive area applied with
adhesive in the second end portion closer to the second

edge than the second nonadhesive area, and the sealing
step includes temporarily fixing by adhesion the second
adhesive area of the second end portion to the first end
portion, and then welding the second nonadhesive area
of the second end portion to the first end portion.
[0072] The sheet-like seal member used in the present
invention has the second adhesive area applied with ad-
hesive in the second end portion, closer to the second
edge than the second nonadhesive area. In the sealing
process, the second adhesive area of the second end
portion is attached to the first end portion for temporarily
fixing the second adhesive area of the second end portion
to the first end portion, and then the second nonadhesive
area of the second end portion is welded to the first end
portion. In the present invention, since the second adhe-
sive area of the second end portion is attached to and
temporarily fixed to the first end portion as above. This
facilitates positioning or the like in welding the second
nonadhesive area of the second end portion to the first
end portion and readily at appropriate position.
[0073] Furthermore, in any one of the aforementioned
battery module producing methods, preferably, the
sheet-like seal member is made of resin, he third end
portion includes a third nonadhesive area applied with
no adhesive, extending between the first edge and the
second edge, the fourth end portion includes a fourth
nonadhesive area applied with no adhesive, extending
between the first edge and the second edge, and the
sealing step further includes hermetically fixing by weld-
ing the third nonadhesive area of the third end portion to
the first side cover, and hermetically fixing by welding the
fourth nonadhesive area of the fourth end portion to the
second side cover.
[0074] Considering the sealing characteristics of the
completed battery module with respect to the electrolyte,
as described above, it is more preferable to fix the sheet-
like seal member to the first and second side covers by
welding than by adhesive. However, the way of addition-
ally welding the adhered portion may lead to an insuffi-
cient welding result because of influence of the adhesive
existing in the adhered portion.
[0075] On the other hand, the sheet-like seal member
used in the present invention has, in the third end portion,
the third nonadhesive area applied with no adhesive and
extending from the first edge to the second edge, and
also has, in the fourth end portion, the fourth nonadhesive
area applied with no adhesive and extending from the
first edge to the second edge. In the sealing process, the
third nonadhesive area is hermetically fixed by welding
to the first side cover and the fourth nonadhesive area is
hermetically fixed by welding to the second side cover.
In this way, the third nonadhesive area of the third end
portion and the first side cover, and, the fourth nonadhe-
sive area of the fourth end portion and the second side
cover, can be fixed to each other by only welding without
interposing adhesive. Consequently, the third nonadhe-
sive area of the third end portion and the first side cover
can be reliably fixed and the fourth nonadhesive area of
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the fourth end portion and the second side cover can be
reliably fixed, respectively.

BRIEF DESCRIPTION OF DRAWINGS

[0076]

Fig. 1 is a perspective view of a battery pack in a first
embodiment;
Fig. 2 is a perspective view showing a battery module
in the battery pack in the first embodiment;
Fig. 3 is a partially sectional view of the battery mod-
ule in a longitudinal direction, constituting the battery
pack in the first embodiment;
Fig. 4 is a sectional view of the battery pack in the
first embodiment, taken along a line A-A of Fig. 3;
Fig. 5 is a sectional view of the battery pack in the
first embodiment, taken along a line B-B of Fig. 3;
Fig. 6 is a sectional view of the battery pack in the
first embodiment, taken along a line C-C of Fig. 3;
Fig. 7 is a sectional view of a part of a battery pack
in a second embodiment, corresponding to Fig. 4 in
the first embodiment;
Fig. 8 is a perspective view of a battery module in a
third embodiment;
Fig. 9 is a plan view of the battery module in the third
embodiment, viewed from a second long side wall
side thereof;
Fig. 10 is a plan view of the battery module in the
third embodiment, viewed from a first end wall side
thereof;
Fig. 11 is a plan view of the battery module in the
third embodiment, viewed from a second end wall
side thereof,
Fig. 12 is a plan view of the battery module in the
third embodiment, viewed from a first short side wall
side thereof;
Fig. 13 is a partially sectional view of the battery mod-
ule in the third embodiment;
Fig. 14 is an explanatory view showing a sheet-like
seal member to be used in production of the battery
module in the third embodiment;
Fig. 15 is an explanatory view showing a sheet-like
seal member to be used in production of the battery
module in a fourth embodiment;
Fig. 16 is an explanatory view showing a sheet-like
seal member to be used in production of the battery
module in a fifth embodiment;
Fig. 17 is a perspective view of a battery module in
a sixth embodiment;
Fig. 18 is a perspective view of a holding spacer of
a battery pack in a seventh embodiment;
Fig. 19 is a perspective view of the battery pack in
the seventh embodiment, showing a configuration
that the battery module is mounted in the holding
spacer; and
Fig. 20 is an explanatory view showing the battery
pack in the seventh embodiment.

EXPLANATION OF REFERENCE CODES

[0077]

100 Battery pack
110 Battery module
120 Cell
121 Cell case
121a Top wall (Safety-valve mounting

wall) (of Cell case)
121b Bottom wall (of Cell case)
121c, 121d First side wall (of Cell case)
121e, 121f Second side wall (of Cell case)
130 Gas duct member
131 Gas discharge path
160, 260 Seal member
300 Battery module
310 Cell group
311 Cell
313 Cell case
313c Third wall (Safety-valve mounting

wall)
315 Safety valve
330, 630 Gas duct member
331 Gas discharge path
333 Positive-electrode side-cover-side

end portion
335 Negative-electrode side-cover-

side end portion
340 Positive-electrode side cover (First

side cover)
350 Negative-electrode side cover

(Second side cover)
353 Gas discharge port
360, 460, 560 Seal member
360p, 460p, 560p First open end portion
360q, 460q, 560q Second open end portion
361, 461, 561 Sheet-like seal member
361a, 461a, 561a First edge
361b, 461b, 561b Second edge
361c, 461c, 561c Third edge
361d, 461d, 561d Fourth edge
363, 463, 563 First end portion
365, 465, 565 Second end portion
367, 467, 567 Third end portion
369, 469, 569 Fourth end portion
365h, 465h Second nonadhesive area
366, 466 Second adhesive area
367h, 467h Third nonadhesive area
369h, 469h Fourth nonadhesive area
563h First nonadhesive area
564 First adhesive area
630p Sub gas-duct member
700 Battery pack

g1 First predetermined range
g2 Second predetermined range
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BEST MODE FOR CARRYING OUT THE INVENTION

[0078] Preferred embodiments of the present inven-
tion will be explained below.

(First Embodiment)

[0079] Fig. 1 is a perspective view of a battery pack
100 in a first embodiment; Fig. 2 is a perspective view
showing a battery module 110 constituting the battery
pack 100; Fig. 3 is a partially sectional view of the battery
module 110 in a longitudinal direction; Fig. 4 is a sectional
view taken along a line A-A of Fig. 3; Fig. 5 is a sectional
view taken along a line B-B; and Fig. 6 is a sectional view
taken along a line C-C.
[0080] This battery pack 100 is a secondary battery to
be used as a power source for electric vehicles and hybrid
electric vehicles. The battery pack 100 is comprised of a
plurality of (six in Fig. 1) battery modules 110. A module
positive terminal 151 of one battery module 110 and a
module negative terminal 152 of the adjacent battery
module 110 are connected, leaving slight space there-
between for cooling the battery, by a bus bar 101, so that
the adjacent battery modules 110 are fixed to each other
(see Figs. 1 and 6).
[0081] Each battery module 110 constituting the bat-
tery pack 100 is of a rectangular parallelepiped shape
(see Figs. 1 and 2). The battery module 110 includes a
plurality of cells 120 connected in series, a gas duct mem-
ber 130 covering a top wall (a safety-valve mounting wall)
121a of each cell 120, side covers 140 covering side
walls (first side walls 121c and 121d) positioned at both
ends, the module positive terminal 151 and the module
negative terminal 152, and a seal member 160 almost
entirely covering the battery module 110 (see Figs. 1 to
6).
[0082] Each cell 120 is a sealed secondary battery.
This cell 120 includes a cell case 121, a safety valve 123
(whose internal structure is not shown), a cell positive
terminal 125, a cell negative terminal 126, and a power
generating element (not shown) accommodated in the
cell case 121 (see Figs. 3 to 6). Each cell 120 is further
poured with an electrolyte.
[0083] Each cell case 121 is of a rectangular parallel-
epiped shape and made entirely of metal. This cell case
121 includes the rectangular top wall (a safety-valve
mounting wall) 121a, a bottom wall 121b opposite the
top wall 121a, two first side walls 121c and 121d each
having a narrow area joining the short side of the top wall
121a and the short side of the bottom wall 121b, and two
second side walls 121e and 121f each having a wide
area joining the long side of the top wall 121a and the
long side of the bottom wall 121b.
[0084] A safety valve 123 is centrally provided in the
top wall 121a. This safety valve 123 is structured to op-
erate when the internal pressure of the cell 120 exceeds
a predetermined level due to the hydrogen gas generated
during charge/discharge, thereby releasing the hydrogen

gas to the outside of the cell.
[0085] Of the two first side walls 121c and 121d, one
first side wall 121c (a left wall in Fig. 3) is provided with
the cell positive terminal 125 and the other first side wall
121d (a right wall in Fig. 3) is provided with the cell neg-
ative terminal 126. The cell positive terminal 125 and the
negative electrode terminal 126 of the adjacent cells 120
are electrically connected by terminal joints 127. The cell
positive terminal 125 of the cell 120 positioned at one
end (a front end in Fig. 2, a left end in Fig. 3) of the cell
module 110 is electrically connected to the module pos-
itive terminal 151, while the cell negative terminal 126 of
the cell 120 positioned at the other end (a rear end in Fig.
2) is electrically connected to the module negative termi-
nal 152.
[0086] The power generating element includes a plu-
rality of positive plates and a plurality of negative plates
which are alternately laminated with separators inter-
posed therebetween. The positive electrode constituted
of the plurality of positive plates is electrically connected
to the cell positive terminal 125, while the negative elec-
trode constituted of the plurality of negative plates is elec-
trically connected to the cell negative terminal 126.
[0087] The plurality of cells 120 constituting the battery
module 110 is disposed so that respective top walls 121a
are oriented in the same direction. The cells 120 are also
arranged in a row so that the first side walls 121c and
121d of the adjacent cells 120 face each other and the
second side walls 121e and 121f of each cell 120 face
outwardly (see Fig. 3).
[0088] The gas duct member 130 are placed in contact
with the top walls 121a of the cells 120 arranged in a row
to cover all the safety valves 123 and cover almost en-
tirely the top walls 121a of the cells 120 (see Figs. 3 to
5). To be concrete, the gas duct member 130 is made of
resin such as polypropylene (PP), which extends in a
longitudinal direction of the battery module 110 and is of
an angular U-shaped section in a direction perpendicular
to the longitudinal direction. Leg parts 130k of the gas
duct member 130 are in contact with the top wall 121a
of each cell 120. This leg part 130k is formed to be thin
in a portion covering the safety valve 123 and thick in
another portion not covering the safety valve 123 (see
Figs. 4 and 5). A gas discharge path 131 communicated
with a gas discharge port 141k mentioned later is formed
between the gas duct member 130 and the top wall of
each cell 120.
[0089] Of the side covers 140 covering the first side
walls 121c and 121d of the cells 120 at both ends, one
side cover 140 (a front one in Fig. 2, a left one in Fig. 3)
is in contact with the first side wall 121c of the cell 120
positioned at one end to almost entirely cover the first
side wall 121c and in butted relation with one end of the
gas duct member 130. Further, the other side cover 140
(a rear one in Fig. 2) is in contact with the first side wall
121d of the cell 120 positioned in the other end to almost
entirely cover the first side wall 121d and in butted relation
with the other end of the gas duct member 130. The side
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covers 140 are made of resin such as polypropylene (PP)
as with the gas duct member 130. In an upper center,
each side cover 140 is integrally provided with a cylindri-
cal gas discharge portion 141 formed with a gas dis-
charge port 141k. The gas discharge port 141k is com-
municated with the gas discharge path 131 formed be-
tween the top wall 121a of each cell 120 and the gas duct
member 130, allowing hydrogen gas if released from
each cell 120 to be discharged to the outside of the cell
module (outside of the battery pack) through this gas
discharge port 141k.
[0090] The seal member 160 is made from a sheet-
like adhesive tape having a thickness of about 0.1 mm.
The seal member 160 is attached to cover all parts ex-
cepting the gas discharge portion 141, the module pos-
itive terminal 151, and the module negative terminal 152,
while the gas duct member 130 and the side covers 140
are placed in contact with the cells 120 arranged in a row.
Thus, the gas duct member 130 and the side covers 140
are fixed to the cells 120. A gap between the gas duct
member 130 and each cell 120 is hermetically sealed
and also a gap between the adjacent cells 120 is her-
metically sealed. When the gas duct member 130 and
the side covers 140 are in contact with the cells 120, the
battery module 110 is of a rectangular parallelepiped
shape, which facilitates adhesion of the seal member
160.
[0091] This battery pack 100 is produced in such a
manner that the cells 120, each having been produced
by a well known technique, are arranged in a row, the
gas duct member 130 and the side covers 140 are dis-
posed in place with respect to the cells 120, the seal
member 160 is attached thereto, making up the battery
module 110. Then, the battery modules 110 are fixedly
connected by the bus bars 101, completing the battery
pack 100.
[0092] In such battery pack 100, the gas discharge
path 131 is formed between the top wall (the safety-valve
mounting wall) 121a of each cell 120 and the gas duct
member 130 covering all the safety valves 123 of the
cells 120 included in the battery module 110. The gap
between each cell case 121 and the gas duct member
130 is hermetically sealed by the seal member 160. Ac-
cordingly, the need for the connection nozzle conven-
tionally attached to each cell can be eliminated, thereby
making it possible to achieve the inexpensive battery
module 110 and the battery pack 100 at low cost.
[0093] In the first embodiment, furthermore, the seal
member 160 seals the gap between the gas duct member

130 and each cell case  and
simultaneously fixes the gas duct member 130 to the cell
cases 121. Thus, there is no need for an additional op-
eration to join or bond the gas duct member 130 to the
cell cases 121.
[0094] Further, the seal member 160 hermetically
seals the gap between the adjacent cell cases 121. There
is no need to fill by joining or bonding the gap between

the cell cases 121.
[0095] The seal member 160 is an adhesive tape,
which is attached to bridge across each cell case 121
and the gas duct member 130 so as to close the gaps
therebetween. This makes it possible to readily and in-
expensively seal between each cell case 121 and the
gas duct member 130 and between the cell cases 121.
Further, the gas duct member 130 can easily be fixed to
each cell case 121.
[0096] In the first embodiment, the cell case 121 is
made of metal, while the seal member 160 is an electrical
insulating adhesive tape which covers the metallic sur-
face (the case surface) of each cell case 121. Accord-
ingly, the metallic surface of each cell case 121 is unex-
posed to the outside of the battery pack, which makes it
possible to reliably prevent current leakage which would
be caused by surface condensation.
[0097] In the first embodiment, the seal member 160
is in a sheet form having a thickness of 0.5 mm or less,
which can sufficiently ensure the cooling characteristics
of the cells 120.
[0098] In the first embodiment, each cell case 121 has
the top wall (the safety-valve mounting wall) 121a of a
rectangular parallelepiped shape and the cells 120 are
arranged in a row so that the first side walls 121c and
121d face each other. Accordingly, any cell 120 belong-
ing to the same battery module 110 does not exist along
the second side walls 121e and 121f. Thus, each cell 120
can efficiently be cooled through the second side walls
121e and 121f having a wider area, and hence the cooling
characteristics of the cells 120, or the battery pack 100,
can be enhanced.

(Second Embodiment)

[0099] A second embodiment will be explained below.
The explanation of identical parts to those in the first em-
bodiment is omitted or simplified.
[0100] Fig. 7 is a sectional view similar to Fig. 4 of the
first embodiment. This battery pack in the second em-
bodiment is different in a seal member 260 formed of a
heat-shrinkable tube from the battery pack 100 in the first
embodiment in which the seal member 160 is formed of
an adhesive tape, and otherwise identical to in the first
embodiment. This seal member 260 in a shrunken state
surrounds, in sleeve shape, entirely the cell cases 121
and the gas duct member 130 and holds each cell case
121 and the gas duct member 130 in mutually pressure
contact relation. With this configuration, it is also possible
to readily and inexpensively seal between each cell case
121 and the gas duct member 130. The gas duct member
130 can also easily be fixed to the cell cases 121.
[0101] As for the rest, similar parts to those in the first
embodiment provide similar operations and effects to
those in the first embodiment.
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(Third Embodiment)

[0102] A third embodiment will be explained below.
Figs. 8 to 13 show a battery module 300 in the third em-
bodiment. Fig. 14 shows a sheet-like seal member 361
to be utilized in production of the battery module 300.
The battery module 300 is a secondary battery (e.g. a
nickel-metal hydride storage battery) to be used as a
power source for electric vehicles and hybrid electric ve-
hicles. The battery module 300 is of a nearly rectangular
parallelepiped shape having opposite first long side wall
300a and second long side wall 300b, opposite first short
side wall 300c and second short side wall 300d, and op-
posite first end wall 300e and second end wall 300f.
[0103] The battery module 300 comprises a cell group
310 including a plurality of cells 311, a gas duct member
330 covering each safety valve 315 of the cell group 310,
a positive-electrode side cover (a first side cover) 340
and a negative-electrode side cover (a second side cov-
er) 350 which respectively cover the cell group 310 and
the gas duct member 330 from both ends in a cell ar-
rangement direction, and a seal member 360 which sur-
rounds the cell group 310 and the gas duct member 330
to hermetically entirely seal the module.
[0104] The cell group 310 is configured so that a plu-
rality of (eight in the present embodiment) cells 311 is
connected in series and in a row. Each cell 311 is a sealed
secondary battery. This cell 311 includes a cell case 313,
a safety valve 315 provided in each cell case 313, a cell
positive terminal 317 and a cell negative terminal 319
which are provided in the cell case 313, and a power
generating element (not shown) accommodated in the
cell case 311 (see Fig. 13). Each cell case 313 is further
poured with an electrolyte.
[0105] Each cell case 313 is of a rectangular parallel-
epiped shape and made entirely of metal. This cell case
313 includes opposite first wall 313a and second wall
313b having a largest area (see Figs. 8 and 9), opposite
third wall (a safety-valve mounting wall) 313c and fourth
wall 313d each joining the short side of the first wall 313a
and the short side of the second wall 313b (see Fig. 13),
and opposite fifth wall 313e and sixth wall 313f each join-
ing the long side of the first wall 313a and the long side
of the second wall 313b (see Fig. 13).
[0106] Of them, the third wall (the safety-valve mount-
ing wall) 313c is provided with the safety valve 315 at
nearly the center thereof (see Fig. 13). This safety valve
315 is structured to operate when the internal pressure
of the cell 311 exceeds a fixed level due to the hydrogen
gas generated during charge/discharge, thereby releas-
ing the hydrogen gas to the outside of the cell.
[0107] The fifth wall 313e is formed with two cell pos-
itive terminals 317 spaced apart from each other at a
predetermined distance (see Fig. 13). The sixth wall 313f
is almost entirely provided with the cell negative terminal
319. The cell positive terminal 317 of one cell 311 and
the negative terminal 319 of the adjacent cell 311 are
fixed by welding to each other to be electrically connect-

ed. The cell positive terminal 317 of the cell 311 (a right
one in Fig. 13) positioned at one end of the cell group
310 in the cell arrangement direction is electrically con-
nected, inside the module, to a module positive terminal
341 mentioned later. On the other hand, the cell negative
terminal 319 of the cell (a left one in Fig. 13) 311 posi-
tioned at the other end is electrically connected, inside
the module, to a module negative terminal 351 mentioned
later.
[0108] The power generating element includes a plu-
rality of positive plates and a plurality of negative plates
which are alternately laminated with separators inter-
posed therebetween. The positive electrode constituted
of the plurality of positive plates is electrically connected
to the cell positive terminal 317 inside the cell, while the
negative electrode constituted of the plurality of negative
plates is electrically connected to the cell negative termi-
nal 319 inside the cell.
[0109] The cells 311 are arranged in a row so that re-
spective third walls (safety-valve mounting walls) 313c
are oriented in the same direction and the fifth wall 313e
of one cell 311 and the sixth wall 313f of the adjacent cell
311 face each other. The cell group 310 is thus made up.
[0110] The cell group 310 is in contact with the gas
duct member 330 which covers each safety valve 315
and almost entirely each third wall (each safety-valve
mounting wall) 313c. This gas duct member 330 is made
of resin such as polypropylene (PP), which extends in
the cell arrangement direction and is of an angular U-
shaped section in a direction perpendicular to the cell
arrangement direction. Placing such gas duct member
330 forms a gas discharge path 331 connected to a gas
discharge port 353 mentioned later between the gas duct
member 330 and each third wall (each safety-valve
mounting wall) 313c of the cell group 310 (see Fig. 13).
[0111] A positive-electrode side cover 340 is placed at
one ends (right in Fig. 13) of the cell group 310 and the
gas duct member 330 in the cell arrangement direction
to cover them from the one ends in the cell arrangement
direction. The positive-electrode side cover 340 is in con-
tact with this fifth wall 313e of the cell 311 positioned at
one end of the cell group 310 and the gas duct member
330 while covering the almost entire surface of the fifth
wall 313e and the one end of the gas duct member 330.
[0112] The positive-electrode side cover 340 is made
of resin such as polypropylene (PP) as with the gas duct
member 330. At substantially the center of the positive-
electrode side cover 340, a column-shaped, module pos-
itive terminal 341 is fixedly provided protruding to the
outside of the module. This module positive terminal 341
is electrically connected, inside the module, to the cell
positive terminal 317 of the cell 311 positioned at one
end of the cell group 310, as mentioned above.
[0113] Further, at the other ends (left in Fig. 13) of the
cell group 310 and the gas duct member 330 in the cell
arrangement direction, a negative-electrode side cover
350 is placed covering them from the other ends in the
cell arrangement direction. The negative-electrode side
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cover 350 is in contact with the sixth wall 313f of the cell
311 positioned at the other end of the cell group 310 and
the gas duct member 330 while covering the almost entire
surface of the sixth wall 313f and the other end of the
gas duct member 330.
[0114] This negative-electrode side cover 350 is also
made of resin such as polypropylene (PP) as with the
gas duct member 330. At substantially the center of the
negative-electrode side cover 350, a column-shaped,
module negative terminal 351 is fixedly provided protrud-
ing to the outside of the module. This module negative
terminal 351 is electrically connected, inside the module,
to the cell negative terminal 319 of the cell 311 positioned
at the other end of the cell group 310, as mentioned
above. A cylindrical gas discharge port 353 is formed in
the upper center of the negative-electrode side cover
350. This gas discharge port 353 is communicated with
the gas discharge path 331 formed between the gas duct
member 330 and the safety-valve mounting walls 313c
of the cell group 310, allowing hydrogen gas if released
from each cell 311 to be discharged to the outside of the
module through the gas discharge port 353.
[0115] In the third embodiment, as above, the gas duct
member 330 is placed to form the gas discharge path
331 between the gas duct member 330 and the safety-
valve mounting walls 313c. Further, the negative-elec-
trode side cover 350 having the gas discharge port 353
communicated with the gas discharge path 331 is placed
to discharge hydrogen gas to the outside of the module
through it. Accordingly, the discharge path for hydrogen
gas can be formed more readily and inexpensively as
compared with the conventional one.
[0116] The resin seal member 360 having the electrical
insulation property is placed between the positive-elec-
trode side cover 340 and the negative-electrode side cov-
er 350 (see Figs. 8 to 13). The seal member 360 is of a
sleeve shape which is wrapped around the cell group
310 and the gas duct member 330 about the axis in the
cell arrangement direction. A first open end portion 360p
at one end is hermetically fixed by adhesion around the
positive-electrode side cover 340. A second open end
portion 360q at the other end surrounds the negative-
electrode side cover 350 and is hermetically fixed by ad-
hesion to the negative-electrode side cover 350. Applied
with adhesive on the entire inner surface, the seal mem-
ber 360 is also attached in close contact with each cell
case 313 of the cell group 310 and the gas duct member
330.
[0117] With such seal member 360, the battery module
300 is entirely hermetically sealed. This makes it possible
to prevent the hydrogen gas released through the safety
valve 315 from leaking to the outside through any portion
other than the gas discharge port 353. Even when the
electrolyte leaks from each cell 311, it is also possible to
prevent the electrolyte from leaking to the outside of the
module. Since the seal member 360 is attached in close
contact with each cell case 313 of the cell group 310,
furthermore, breakage of the seal member 360 in han-

dling of the battery module 300 or other defects can be
prevented. The seal member 360 is firmly attached to
each cell case 313, enhancing the heat release charac-
teristics of each cell 311, thus efficiently cooling each cell
311.
[0118] The seal member 360 is formed from the rec-
tangular sheet-like seal member 361 shown in Fig. 14,
having opposite first edge 361a and second edge 361d,
and opposite third edge 361c and fourth edge 361d. This
sheet-like seal member 361 is a full adhesive sheet-like
seal member having a thickness of about 100 Pm and
entirely applied with adhesive. Accordingly, the adhesive
is applied to a stripe-shaped first end portion 363 provid-
ed along the first edge 361a and to be placed on the top
wall (which faces the first short side wall 300c of the bat-
tery module 300) of the gas duct member 330 and also
a stripe-shaped second end portion 365 provided along
the second edge 361b and to be placed on the top wall
(which faces the first short side wall 300c of the battery
module 300) of the gas duct member 330 and overlapped
on the first end portion 363 from outside.
[0119] Similarly, the adhesive is applied to a stripe-
shaped third end portion 367 provided along the third
edge 361c to be fixed to around the positive-electrode
side cover 340 and a stripe-shaped fourth end portion
369 provided along the fourth edge 361d to be fixed to
around the negative-electrode side cover 350. The third
end portion 367 of the sheet-like seal member 361 cor-
responds to the first open end portion 360p of the seal
member 360. The fourth end portion 369 of the sheet-
like seal member 361 corresponds to the second open
end portion 360q of the seal member 360.
[0120] The seal member 360 is formed in such a man-
ner that this sheet-like seal member 361 is wrapped
around a yet-to-be-sealed battery module, the second
end portion 365 is overlapped on the first end portion 363
from outside, and then they are hermetically fixed by ad-
hesion in a sleeve shape. The third end portion 367 of
the sheet-like seal member 361 forms the first open end
portion 330p, which surrounds the positive-electrode
side cover 340 and is hermetically fixed by adhesion to
the positive-electrode side cover 340. The fourth end por-
tion 369 forms the second open end portion 330q, which
surrounds the negative-electrode side cover 350 and is
hermetically fixed by adhesion to the negative-electrode
side cover 350. By use of such rectangular sheet-like
seal member 361, it is possible to readily provide the seal
member 360 capable of hermetically surrounding the cell
group 310 and the gas duct member 330.
[0121] The following description will be made on a pro-
ducing method of the above battery module 300 (see
Figs. 8 to 14).
[0122] Firstly, the cells 311 produced by a well known
technique are connected in series and arranged in a row,
constituting the cell group 310. The gas duct member
330, the positive-electrode side cover 340, and the neg-
ative-electrode side cover 350 are placed in respective
appropriate positions of the cell group 310. The battery
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module in this state corresponds to the yet-to-be-sealed
battery module of the present invention.
[0123] In the sealing process, secondly, the aforemen-
tioned rectangular sheet-like seal member 361 is
wrapped around this yet-to-be-sealed battery module to
hermetically seal the battery module 300. To be more
specific, the sheet-like seal member 361 is arranged so
that its first edge 361a and second edge 361b extend in
the cell arrangement direction. Then, the first end portion
363 of the sheet-like seal member 361 is attached to the
upper surface of the gas duct member 330 of the yet-to-
be-sealed battery module (see the sheet-like seal mem-
ber 361 and others schematically illustrated in Fig. 10).
[0124] After that, the sheet-like seal member 361 is
attached to the yet-to-be-sealed battery module while it
is wrapped around the module about the axis in the cell
arrangement direction. Since the sheet-like seal member
361 in the third embodiment is a full adhesive sheet-like
seal member, the third end portion 367 of the sheet-like
seal member 361 is wrapped around the positive side
cover 340 while adhering to the positive side cover 340.
The fourth end portion 369 is wrapped around the neg-
ative-electrode side cover 350 while adhering to the neg-
ative-electrode side cover 350. Further, the sheet-like
seal member 361 is also attached to each cell case 313
of the cell group 310 and the gas duct member 330. Fi-
nally, the second end portion 365 of the sheet-like seal
member 361 is attached to the first end portion 363 from
outside.
[0125] When the sheet-like seal member 361 is at-
tached to the yet-to-be-sealed battery module as above,
the first end portion 363 and the second end portion 365
of the sheet-like seal member 361 are hermetically fixed
to each other by adhesion in a sleeve shape. The third
end portion 367 of the sheet-like seal member 361 is
hermetically fixed by adhesion to the positive-electrode
side cover 340. The fourth end portion 369 of the sheet-
like seal member 361 is hermetically fixed by adhesion
to the negative-electrode side cover 350. Further, the
sheet-like seal member 361 is attached by adhesion in
close contact with each cell case 313 of the cell group
310 and the gas duct member 330. Thus, the battery
module 300 is completed.
[0126] The above sealing using the rectangular sheet-
like seal member 361 allows the entire battery module
300 to be hermetically sealed readily. In the third embod-
iment, furthermore, the full adhesive sheet-like seal
member is used for the sheet-like seal member 361. This
seal member has only to be attached to the module 300
to hermetically seal the predetermined portions.

(Fourth Embodiment)

[0127] A fourth embodiment will be explained below.
The explanation of similar parts to those in the third em-
bodiment is omitted or simplified.
[0128] In the fourth embodiment, a sheet-like seal
member 461 forming a seal member 460 is different from

the sheet-like seal member 361 in the aforementioned
third embodiment. The others are basically similar to
those in the third embodiment. Fig. 15 shows the sheet-
like seal member 461 used in a battery module in the
fourth embodiment.
[0129] This sheet-like seal member 461 is of a rectan-
gular shape having opposite first edge 461a and second
edge 461b, and opposite third edge 461c and fourth edge
461d. This sheet-like seal member 461 is also a sheet
having a thickness of about 100 Pm and applied with
adhesive, but it partly includes an area applied with no
adhesive, which is different from the third embodiment.
[0130] To be concrete, a stripe-shaped first end portion
463 provided along the first edge 461a and to be placed
on the upper surface of the gas duct member 330 is ap-
plied with adhesive as with the first end portion 363 of
the sheet-like seal member 361 in the third embodiment.
[0131] On the other hand, a stripe-shaped second end
portion 465 provided along the second edge 461b and
to be placed on the upper surface of the gas duct member
330 and overlapped on the first end portion 463 from
outside includes a second nonadhesive area 465h ap-
plied with no adhesive, which extends between the third
edge 461c and the fourth edge 461d. In the second end
portion 465, closer to the second edge 461b than the
second nonadhesive area 465h, a stripe-shaped second
adhesive area 466 applied with adhesive is formed.
[0132] A stripe-shaped third end portion 467 provided
along the third edge 461c and to be wrapped around and
fixed to the positive-electrode side cover 340 includes a
third nonadhesive area 467h applied with no adhesive,
which extends between the first edge 461a and the sec-
ond edge 461b. Further, a stripe-shaped fourth end por-
tion 469 provided along the fourth edge 461d and to be
wrapped around and fixed to the negative-electrode side
cover 350 includes a fourth nonadhesive area 469h ap-
plied with no adhesive, which extends between the first
edge 461a and the second edge 461b. The remaining
portions are applied with adhesive.
[0133] In the fourth embodiment, the seal member 460
is formed in such a manner that this sheet-like seal mem-
ber 461 is wrapped around the yet-to-be-sealed battery
module so that the second end portion 465 overlaps the
first end portion 463, and they are hermetically fixed by
welding to each other in a sleeve shape (see Figs. 8 to
13). To be more specific, of the second end portion 465,
the second nonadhesive area 465h applied with no ad-
hesive is overlapped on the first end portion 463 from
outside and fixed thereto by welding without interposing
adhesive.
[0134] In the third embodiment, the first end portion
363 and the second end portion 365 of the sheet-like seal
member 361 are fixed to each other by use of adhesive.
However, if an electrolyte leaks from each cell 311, pen-
etrating into this fixed portion, the adhesive is likely to
change in quality, deteriorating adhesive force, because
the electrolyte is alkaline. This may cause the fixed por-
tion to come unstuck.

23 24 



EP 1 775 784 A1

14

5

10

15

20

25

30

35

40

45

50

55

[0135] In the fourth embodiment, on the other hand,
the first end portion 463 and the second end portion 465
of the sheet-like seal member 461 are fixed to each other
by welding. Accordingly, even when the electrolyte hav-
ing leaked from each cell 311 reaches the fixed portion,
the fixed portion is unlikely to come unstuck, thus achiev-
ing improved sealing characteristics. Furthermore, the
first end portion 463 and the second nonadhesive area
465h of the second end portion 465 are welded to each
other without interposing adhesive. Since this welding
can therefore be carried out reliably, the sealing charac-
teristics in this fixed portion can particularly be improved.
[0136] In the fourth embodiment, the third end portion
467 (the third nonadhesive area 467h) of the sheet-like
seal member 461 forms a first open end portion 460p of
the seal member 460, which surrounds the positive-elec-
trode side cover 340 without interposing adhesive and is
hermetically fixed by welding to the positive-electrode
side cover 340. The fourth end portion 469 (the fourth
nonadhesive area 469h) forms a second open end por-
tion 460q of the seal member 460, which surrounds the
negative-electrode side cover 350 without interposing
adhesive and is hermetically fixed by welding to the neg-
ative-electrode side cover 350.
[0137] In the third embodiment, the seal member 360
is fixed by use of adhesive to the positive-electrode side
cover 340 and the negative-electrode side cover 350.
However, as mentioned above, even when an electrolyte
leaks from each cell 311 and penetrates into the fixed
portion, the adhesive is likely to change in quality, dete-
riorating adhesive force, which may cause the fixed por-
tion to come unstuck.
[0138] In the fourth embodiment, on the other hand,
the seal member 460 is fixed by welding to the positive-
electrode side cover 340 and the negative-electrode side
cover 350. Accordingly, even when the electrolyte having
leaked from each cell 311 reaches the fixed portion, the
seal member 460 is unlikely to come unstuck, which
achieves improved sealing characteristics. Further, the
seal member 460 is welded without interposing adhesive
to the positive-electrode side cover 340 and the negative-
electrode side cover 350. Since this welding can there-
fore be carried out reliably, the sealing characteristics in
this fixed portion can particularly be improved.
[0139] The following description will be made on a pro-
ducing method of the battery module in the fourth em-
bodiment (see Figs. 10 and others). Firstly, the yet-to-
be-sealed battery module is produced in the same man-
ner as in the third embodiment. In the sealing process,
subsequently, the sheet-like seal member 461 is
wrapped around the yet-to-be-sealed battery module to
hermetically seal the battery module. Specifically, the
sheet-like seal member 461 is arranged so that its first
edge 461a and second edge 461b extend in the cell ar-
rangement direction. Then, the first end portion 463 of
the sheet-like seal member 461 is attached to the upper
surface of the gas duct member 330. After that, the sheet-
like seal member 461 is wrapped around the yet-to-be-

sealed battery module about the axis in the cell arrange-
ment direction while adhering to the module.
[0140] At that time, as in the third embodiment, the
sheet-like seal member 461 is attached to each cell case
313 of the cell group 310 and the gas duct member 330.
In the fourth embodiment, the third end portion 467 of
the sheet-like seal member 461 is formed as the third
nonadhesive area 467h with no adhesive. Accordingly,
the third end portion 467 is wrapped around the positive-
electrode side cover 340 but does not adhere to the pos-
itive-electrode side cover 340. The fourth end portion 469
is also formed as the fourth nonadhesive area 469h with
no adhesive. Accordingly, the fourth end portion 469 is
wrapped around the negative-electrode side cover 350
but does not adhere to the negative-electrode side cover
350. Then, the second end portion 465 of the sheet-like
seal member 461 is overlapped on the first end portion
463 from outside, and the second adhesive area 466 of
the second end portion 465 is attached to the first end
portion 463 for temporal fixing.
[0141] Subsequently, the second nonadhesive area
465h of the second end portion 465 is hermetically fixed
by welding to the first end portion 463. The third end
portion 467 (the third nonadhesive area 467h) is hermet-
ically fixed by welding to the positive-electrode side cover
340 and the fourth end portion 469 (the fourth nonadhe-
sive area 469h) is hermetically fixed by welding to the
negative-electrode side cover 350. Thus, the battery
module in the fourth embodiment is completed.
[0142] In the fourth embodiment, as mentioned above,
the seal member whose second end portion 465 is ap-
plied with no adhesive, forming the second nonadhesive
area 465h, is used as the sheet-like seal member 461.
In the sealing process, furthermore, the second nonad-
hesive area 465h is hermetically fixed by welding to the
first end portion 463. Accordingly, the second nonadhe-
sive area 465h of the second end portion 465 and the
first end portion 463 can be fixed to each other by only
welding without interposing adhesive. Thus, the second
end portion 465 and the first end portion 463 can surely
be fixed to each other.
[0143] Furthermore, the sheet-like seal member 461
includes the second adhesive area 466 applied with ad-
hesive in the second end portion 465 so that this second
adhesive area 466 is attached to the first end portion 463
for temporal fixing in the sealing process and then the
second nonadhesive area 465h of the second end portion
465 is welded to the first end portion 463. Accordingly,
the second nonadhesive area 465h of the second end
portion 465 is easy to be positioned in place for welding
and an appropriate portion can surely be welded.
[0144] Furthermore, the sheet-like seal member 461
is configured so that the third end portion 467 is formed
as the third nonadhesive area 467h with no adhesive and
also the fourth end portion 469 is formed as the fourth
nonadhesive area 469h with no adhesive. In the sealing
process, this third nonadhesive area 467h is hermetically
fixed by welding to the positive-electrode side cover 340
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and this fourth nonadhesive area 469h is hermetically
fixed by welding to the negative-electrode side cover 350.
Accordingly, the third end portion 467 and the positive-
electrode side cover 340, and, the fourth end portion 469
and the negative-electrode side cover 350, can be fixed
only by welding without interposing adhesive. Thus, the
third end portion 467 and the positive-electrode side cov-
er 340, and, the fourth end portion 469 and the negative-
electrode side cover 350, can be surely fixed, respec-
tively.
[0145] As for the rest, similar parts to those in the third
embodiment provide similar operations and effects to
those in the third embodiment.

(Fifth Embodiment)

[0146] A fifth embodiment will be explained below. The
explanation of similar parts to those in the third embod-
iment is omitted or simplified. In the fifth embodiment, a
sheet-like seal member 561 constituting a seal member
560 is different from the sheet-like seal members 361
and 461 in the third and fourth embodiments. The others
are basically similar to those in the third and fourth em-
bodiments. Fig. 16 shows the sheet-like seal member
561 used in a battery module in the fifth embodiment.
[0147] This sheet-like seal member 561 is similarly of
a rectangular shape having opposite first edge 561a and
second edge 561b, and opposite third edge 561c and
fourth edge 561d. This sheet-like seal member 561 is
also a sheet having a thickness of about 100 Pm and
applied with adhesive, but it partly includes an area ap-
plied with no adhesive.
[0148] To be concrete, a stripe-shaped first end portion
563 provided along the first edge 561a and to be placed
on the upper surface and the side surfaces of the gas
duct member 330 includes a first nonadhesive area 563h
applied with no adhesive, which extends between the
third edge 561c and the fourth edge 561d. In the first end
portion 563, closer to the first edge 561a than the first
nonadhesive area 563h, a first adhesive area 564 applied
with adhesive is formed. This first adhesive area 564 is
provided excepting a first predetermined range g1 (a
range of 50 mm or less) of the first end portion 563 which
is to be placed on the gas duct member 330 on the pos-
itive-electrode side cover 340 side and a second prede-
termined range g2 (a range of 50 mm or less) of same
on the negative-electrode side cover 350 side.
[0149] A stripe-shaped second end portion 565 pro-
vided along the second edge 561b and to be placed on
the upper surface and the side surfaces of the gas duct
member 330 and overlapped on the first end portion 563
from outside includes a second nonadhesive area 565h
applied with no adhesive, which extends between the
third edge 561c and the fourth edge 561d. In the second
end portion 565, closer to the second edge 561b than
the second nonadhesive area 565h, a stripe-shaped sec-
ond adhesive area 566 applied with adhesive is formed.
This second adhesive area 566 is provided, as with the

first adhesive area 564, excepting a first predetermined
range g1 (a range of 50 mm or less) of the second end
portion 566 which is to be placed on the gas duct member
330 on the positive-electrode side cover 340 side and a
second predetermined range g2 (a range of 50 mm or
less) of same on the negative-electrode side cover 350
side.
[0150] Accordingly, the sheet-like seal member 561
(the seal member 560) is not fixed to a positive side por-
tion 333 of the gas duct member 330, including a prede-
termined range g1 (a range of 50 mm or less) inward in
the cell arrangement direction from the positive-electrode
side cover 340, and a negative side portion 335 of the
gas duct member 330, including a predetermined range
g2 (a range of 50 mm or less) inward in the cell arrange-
ment direction from the negative-electrode side cover
350 (see Figs. 9 and 12).
[0151] Further, a stripe-shaped third end portion 567
provided along the third edge 561c and to be wrapped
around and fixed to the positive-electrode side cover 340
includes a third nonadhesive area 567 applied with no
adhesive between the first edge 561a and the second
edge 561b. Further, a stripe-shaped fourth end portion
569 provided along the fourth edge 561d and to be
wrapped around and fixed to the negative-electrode side
cover 350 and fixed thereto is also formed with a fourth
nonadhesive area 569h applied with no adhesive be-
tween the first edge 561a and the second edge 561b.
The remaining portions are applied with adhesive.
[0152] In the fifth embodiment, the seal member 560
is formed in such a manner that the sheet-like seal mem-
ber 561 is wrapped around the yet-to-be-sealed battery
module so that part of the second end portion 565 over-
laps part of the first end portion 563, and they are her-
metically fixed by welding to each other in a sleeve shape
(see Figs. 8 to 12). To be more specific, of the second
end portion 565, part of the second nonadhesive area
565h applied with no adhesive on the second edge 561b
side is overlapped on part of the first end portion 563 on
the first edge 561a side from outside and fixed by welding
without interposing adhesive. Accordingly, the sealing
characteristics of this welded portion can be enhanced
particularly as in the fourth embodiment.
[0153] In the fifth embodiment, as in the fourth embod-
iment, the third end potion 567 (the third nonadhesive
area 567h) of the sheet-like seal member 561 forms a
first open end portion 560p of the seal member 560, which
surrounds the positive-electrode side cover 340 and is
hermetically fixed by welding to the positive-electrode
side cover 340 without interposing adhesive. The fourth
end portion 569 (the fourth nonadhesive area 569h)
forms a second open end portion 560q of the seal mem-
ber 560, which surrounds the negative-electrode side
cover 350 and is hermetically fixed by welding to the neg-
ative-electrode side cover 350 without interposing adhe-
sive. Thus, the sealing characteristics of those welded
portions can be enhanced particularly.
[0154] Furthermore, in the fifth embodiment, the seal
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member 560 is not fixed to the first-side-cover-side por-
tion 333 and the second-side-cover-side portion 335 of
the gas duct member 330 (see Figs. 9 and 12). In other
words, the first-side-cover-side portion 333 and the sec-
ond-side-cover-side portion 335 can be moved freely
without being restricted by the seal member 560. Accord-
ingly, even when the gas duct member 330 thermally
shrinks under low temperatures, causing gaps between
the gas duct member 330 and the positive-electrode and
negative-electrode side covers 340 and 350, the portions
of the seal member 560 corresponding to the gaps will
not strongly be stretched. Specifically, when the gas duct
member 330 thermally shrinks, not only the portions of
the seal member 560 corresponding to the above gaps
but also the portions corresponding to the first predeter-
mined range g1 and the second predetermined range g2
are together stretched to entirely extend. Thus, strong
stretching stress will not be exerted on only the portions
corresponding to the gaps. This makes it possible to pre-
vent cracks or other defects from occurring in the seal
member 560. In the fifth embodiment, particularly, the
seal member 560 is fixed to the gas duct member 330
through only the first adhesive area 564 having a very
narrow area. Even when the gas duct member 330 ther-
mally shrinks, cracks or other defects will be unlikely to
occur in the seal member 560 especially.
[0155] In the fifth embodiment, the first nonadhesive
area 563h is formed from the third edge 561c to the fourth
edge 561d. As a boundary shown by broken lines in Fig.
16, however, a central area 563k excepting the first pre-
determined range g1 and the second predetermined
range g2 may be applied with adhesive. Even in this case,
when the gas duct member 330 thermally shrinks, not
only the portions corresponding to the aforementioned
gaps but also the portions corresponding to the first pre-
determined range g1 and the second predetermined
range g2 will be stretched, so that the seal member 560
is entirely extended. Thus, strong stretching stress will
not be exerted on only the portions corresponding to the
gaps. This makes it possible to prevent cracks or other
defects from occurring in the sealing member 560.
[0156] The following description will be made on a pro-
ducing method of the above battery module in the fifth
embodiment. Firstly, the yet-to-be-sealed battery module
is produced in the same manner as in the third embodi-
ment. In the sealing process, subsequently, the sheet-
like seal member 561 is wrapped around the yet-to-be-
sealed battery module to hermetically seal the battery
module. Specifically, the sheet-like seal member 561 is
arranged so that its first edge 561a and second edge
561b extend in the cell arrangement direction. Then, of
the first end portion 563 of the sheet-like seal member
561, the first adhesive area 564 is attached to part of the
upper surface of the gas duct member 330 for temporal
fixation. After that, the sheet-like seal member 561 is
wrapped around the yet-to-be-sealed battery module
about the axis in the cell arrangement direction while ad-
hering to the module.

[0157] At that time, the sheet-like seal member 561 is
attached to each cell case 313 of the cell group 310. In
the fifth embodiment, however, excepting the first adhe-
sive area 564 of the first end portion 563, the sheet-like
seal member 561 does not adhere to the gas duct mem-
ber 330. This is because, except the first adhesive area
564, the portions of the sheet-like seal member 561 to
be placed on the upper surface and side surfaces of the
gas duct member 330 are not applied with adhesive as
mentioned above.
[0158] As in the fourth embodiment, the third end por-
tion 567 of the sheet-like seal member 561 is wrapped
around the positive-electrode side cover 340 but does
not adhere to the positive-electrode side cover 340 be-
cause the third end portion 567 is formed as the third
nonadhesive area 567h. Similarly, the fourth end portion
569 is wrapped around the negative-electrode side cover
350 but does not adhere to the negative-electrode side
cover 350 because the fourth end portion 569 is formed
as the nonadhesive area 569h with no adhesive. After
that, the second end portion 565 of the sheet-like seal
member 561 is overlapped on the first end portion 563
from outside and the second adhesive area 566 of the
second end portion 565 is attached to the first end portion
563 for temporal fixation.
[0159] Subsequently, as in the fourth embodiment, the
second nonadhesive area 565h of the second end portion
565 is hermetically fixed by welding to the first end portion
563. Further, the third end portion 567 (the third nonad-
hesive area 567h) is hermetically fixed by welding to the
positive-electrode side cover 340 and the fourth end por-
tion 569 (the fourth nonadhesive area 569h) is hermeti-
cally fixed by welding to the negative-electrode side cover
350. Thus, the battery module in the fifth embodiment is
completed.
[0160] It is to be noted that similar portions to those in
the above third and fourth embodiments provide similar
operations and effects to those in the third and fourth
embodiments.

(Sixth Embodiment)

[0161] A sixth embodiment will be explained below.
The explanation of similar parts to those in the third to
fifth embodiments is omitted or simplified. Fig. 17 shows
a battery module in the sixth embodiment. In the sixth
embodiment, a gas duct member 630 constituting the
battery module is different from the gas duct members
330 in the aforementioned third to fifth embodiments. The
others are basically similar to those in the third embodi-
ment.
[0162] In the sixth embodiment, the gas duct member
630 is comprised of a plurality of (two) sub gas-duct mem-
bers 630p arranged in the cell arrangement direction.
Each sub gas-duct member 630p corresponds to half of
the gas duct member 330 in the third to fifth embodiment
when cut at the center in the cell arrangement direction.
This configuration of the gas duct member 630 allows
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the sub gas-duct members 630p to thermally shrink sep-
arately even when the gas duct member 630 thermally
shrinks, for example, under low temperatures. This
makes it possible to prevent a large gap from becoming
generating between the gas duct member 630 and the
positive-electrode and negative-electrode side covers
340 and 350. Accordingly, the portions of the seal mem-
ber 360 around the boundary between the positive-elec-
trode side cover 340 and the gas duct member 330 and
between the negative-electrode side cover 350 and the
gas duct member 330 will not receive so strong stretching
stress. This makes it possible to prevent cracks or other
defects from occurring in the portions of the seal member
close to the boundary.
[0163] As for the rest, similar parts to those in the third
to fifth embodiments provide similar operations and ef-
fects to those in the third to fifth embodiments.

(Seventh Embodiment)

[0164] A seventh embodiment will be explained below.
The explanation of similar parts to those in any one of
the third to sixth embodiments is omitted or simplified.
Fig. 18 shows a holding spacer 710 constituting a battery
pack 700 in the seventh embodiment. Fig. 19 shows a
configuration that the battery module 300 in the third em-
bodiment is mounted in the holding spacer 710. Fig. 20
shows the battery pack 700 in the seventh embodiment.
In Figs. 18 to 20, it is assumed that in the completed
battery pack, the arranging direction of the cells 311 is a
cell arrangement direction X, the arranging direction of
battery module 300 is a module arrangement direction
Y, and the direction perpendicular to those is a vertical
direction Z.
[0165] This battery pack 700 is a secondary battery
(e.g. a nickel-metal hydride storage battery) to be used
as a power source for electric vehicles and hybrid electric
vehicles. The battery pack 700 is comprised of a plurality
of (e.g. six) the battery modules 300 in the third embod-
iment. Instead of the battery modules 300, the battery
modules in the fourth, fifth, or sixth embodiment may be
mounted. Disposed in a space between the adjacent bat-
tery modules 300 is the holding spacer 710 which holds
the battery modules 300. Those battery modules 300 and
the holding spacers 710 are supported by a nearly plate-
shaped first spacer supporting member 740 and a nearly
plate-shaped second spacer supporting member 750.
Furthermore, the battery modules 300, holding spacers
710, first and second spacer supporting members 740
and 750 are together bound into an integral form with
end plates and a binding band not shown.
[0166] Of them, the battery module 300 is as explained
in the third embodiment.
[0167] The holding spacer 710 is made of electrical
insulating resin in integral form excepting a first elastic
member 723, a second elastic member 725, and a plate-
like rubber member 727. The holding spacer 710 is
placed in the space between the battery modules 300 to

hold those battery modules 300 and form a cooling path
between each battery module 300 and the holding spacer
710 for allowing a cooling medium to pass therethrough.
[0168] To be more specific, as shown in Fig. 18 and
others, the holding spacer 710 includes a spacer body
711 of a nearly plate-like shape, which is directly placed
between the battery modules 300. At one end of the spac-
er body 711 in the vertical direction Z, a plurality of first
module supporting parts 713 is provided (nine on each
side and eighteen in total) for supporting the first short
side wall 300c of the adjacent battery module 300. These
first module supporting parts 713 are each formed of a
plate shape protruding on both sides in the module ar-
rangement direction Y to be perpendicular to the vertical
direction Z. At the other end of the spacer body 711 in
the vertical direction Z, a plurality of second module sup-
porting parts 715 is provided (nine on each side and eight-
een in total) for supporting the second short side wall
300d of the adjacent battery module 300. Similarly, these
second module supporting parts 715 are each formed of
a plate shape protruding on both sides in the module
arrangement direction Y to be perpendicular to the ver-
tical direction Z. The battery module 300 attached to the
holding spacer 710 is placed between those first module
supporting parts 713 and second module supporting
parts 715 and hence held against movement in the ver-
tical direction Z (see Fig. 19).
[0169] Further, as shown in Fig. 18 and others, at one
end of the spacer body 711 in the cell arrangement di-
rection X, a plurality of third module supporting parts 717
is provided (two on each side and four in total) for sup-
porting the first end wall 300e of the adjacent battery
module 300. Each of these third module supporting parts
717 protrudes on both sides in the module arrangement
direction Y. At the other end of the spacer body 711 in
the cell arrangement direction, a plurality of fourth module
supporting parts 719 is provided (two on each side and
four in total) for supporting the second end wall 300f of
the adjacent battery module 300. Similarly, each of these
fourth module supporting parts 719 protrudes on both
sides in the module arrangement direction Y. The battery
module 300 mounted in the holding spacer 710 is placed
between those third module supporting parts 717 and
fourth module supporting parts 719 and hence held
against movement in the cell arrangement direction X
(see Fig. 19).
[0170] As shown in Fig. 18, furthermore, the spacer
body 711 is provided with a large number of cooling path
forming protrusions 721 to form the cooling path for al-
lowing a cooling medium to pass through between the
spacer body 711 and the adjacent first long side wall
300a or second long side wall 300b. Each of these cooling
path forming protrusions 721 protrudes in the module
arrangement direction Y and extends linearly in the ver-
tical direction Z. The first long side wall 300a or second
long side wall 300b of the battery module 300 mounted
in the holding spacer 710 is held in contact with the cool-
ing path forming protrusions 721, providing the cooling
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path between the spacer body 711 and the battery mod-
ule 300.
[0171] Furthermore, at one end of the spacer body 711
in the vertical direction Z, a plurality of (two) first elastic
members 723 is provided to be held in contact with the
first spacer supporting member 740. Each first elastic
member 723 is of an elliptic-cylindrical shape and fixed
to the spacer body 711 to protrude in the vertical direction
Z as it is fitted on a projection not shown of the spacer
body 711 on the upper end side. The first elastic member
723 is made entirely of rubber, which is elastically de-
formable in the vertical direction Z.
[0172] At the other end of the spacer body 711 in the
vertical direction Z, a plurality of (two) second elastic
members 725 is provided as held in contact with the sec-
ond spacer supporting member 750. Each second elastic
member 725 is similarly of an elliptic-cylindrical shape
and fixed to the space body 711 to protrude in the vertical
direction Z as it is fitted on a projection not shown of the
spacer body 711 on the lower end side. The second elas-
tic member 725 is made entirely of rubber, which is elas-
tically deformable in the vertical direction Z.
[0173] In the assembled battery pack 700 (see Fig.
20), the holding spacer 710 is in a state in which the first
elastic members 723, having been elastically deformed
(elastic compression) in the vertical direction Z, are in
elastic contact under pressure with the first spacer hold-
ing member 740, and the second elastic members 725,
having been elastically deformed (elastic compression)
in the vertical direction Z, are in elastic contact under
pressure with the second spacer holding member 750.
Thus, the holding spacer 710 is elastically sandwiched
between the first and second spacer holding members
740 and 750.
[0174] Further, the spacer body 711 is provided with
a plurality of plate-like rubber parts 727 (two on each side
and four in total). Each plate-like rubber part 727 is of a
long rectangular shape extending in the vertical direction
Z. The plate-like rubber part 727 is fitted in a rectangular
through hole formed in the spacer body 711 to be fixed
thereto. The plate-like rubber part 727 is made entirely
of rubber, which is elastically deformable in the module
arrangement direction Y. The battery module 300 is elas-
tically held in the holding spacer 710 while those plate-
like rubber parts 727 are elastically deformed in the mod-
ule arrangement direction Y when the battery module
300 is mounted in the holding spacer 710 so that the
plate-like rubber parts 727 are held in elastic contact un-
der pressure with the first long-side wall 300a or second
long-side wall 300b of the battery module 300.
[0175] The battery module 300 is inexpensive and ca-
pable of preventing gas leakage and electrolyte leakage
as mentioned above, so that the battery pack 700 can
be achieved at low cost and with high reliability.
[0176] The above battery pack 700 is produced in the
following manner. Specifically, the battery module 300 is
produced in the method described in the third embodi-
ment. On the other hand, the holding spacers 710 are

prepared. Each holding spacer 710 may be prepared in
such a manner that the rubber first elastic members 723
and second elastic members 725 and the plate-like rub-
ber parts 727 are attached to respective predetermined
positions of the resinous spacer body 711. Then, the bat-
tery modules 300 are arranged while interposing the
holding spacers 710 in respective spaces therebetween.
Further, the first spacer supporting member 740 and the
second spacer supporting member 750 are arranged and
then all of them are bound with the end plates and the
band to complete the battery pack 700.
[0177] As above, the present invention has been ex-
plained referring to the preferred embodiments; however,
the present invention is not limited to the above first to
seventh embodiment and may be embodied in other spe-
cific forms without departing from the spirit or essential
characteristics thereof.

INDUSTRIAL APPLICABILITY

[0178] According to the present invention, as apparent
from the above description, it relates to the battery mod-
ule provided with a safety valve in each cell and can pro-
vide a battery module inexpensive and capable of pre-
venting gas leakage, a battery pack comprising such bat-
tery module, and a battery module producing method.

Claims

1. A battery module including a plurality of cells each
of which is provided with a safety valve on a safety-
valve mounting wall of a cell case, wherein
the plurality of cells included in the battery module
are arranged so that the safety-valve mounting walls
are oriented in the same direction, and
the battery module further includes:

a gas duct member which covers all the safety
valves of the plurality of cells included in the bat-
tery module, thereby forming a gas discharge
path between the gas duct member and the
safety-valve mounting walls; and
a seal member for hermetically sealing between
at least each cell case and the gas duct member.

2. The battery module set forth in claim 1, wherein the
seal member fixes the gas duct member to each cell
case.

3. The battery module set forth in claim 1 or 2, wherein
the seal member also hermetically seals a gap be-
tween the adjacent cell cases.

4. The battery module set forth in any one of claims 1
to 3, wherein
the seal member includes an adhesive tape attached
to bridge across at least each cell case and the gas
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duct member to seal between them.

5. The battery module set forth in any one of claims 1
to 3, wherein
the seal member is a heat-shrinkable tube in a
shrunken state that surrounds the cell cases and the
gas duct member and provides mutual pressure con-
tact between the cell cases and the gas duct mem-
ber.

6. The battery module set forth in any one of claims 1
to 5, wherein
each cell case is made of metal in at least part of a
case surface,
the seal member has electric insulation characteris-
tics; and
at least the metallic parts of the case surfaces of the
plurality of cells included in the battery module are
covered by the seal member.

7. The battery module set forth in any one of claims 1
to 6, wherein
the seal member is a sheet form having a thickness
of 0.5 mm or less.

8. The battery module set forth in any one of claims 1
to 7, wherein
each cell case is of a rectangular parallelepiped
shape, in which the safety-valve mounting wall is rec-
tangular, and
the plurality of cells included in the battery module
are arranged so that respective side walls each in-
cluding a short side of the safety-valve mounting wall
and being perpendicular to the safety-valve mount-
ing wall face each other.

9. A battery module comprising:

a cell group in which a plurality of cells each
provided with a safety valve in a safety-valve
mounting wall of a cell case is arranged in a row
so that the safety-valve mounting walls are ori-
ented in the same direction;
a gas duct member placed over the safety valves
of the cell group to cover them, thereby forming
a gas discharge path between the gas duct
member and the safety-valve mounting walls;
a first side cover that covers the cell group and
the gas duct member from one ends thereof in
a cell arrangement direction;
a second side cover that covers the cell group
and the gas duct member from the other ends
thereof in the cell arrangement direction and has
a gas discharge port communicated with the gas
discharge path; and
a seal member that is placed between the first
side cover and the second side cover and her-
metically surrounds, in a sleeve shape, the cell

group and the gas duct member, the seal mem-
ber including a first open end portion at one end
which is hermetically fixed to around the first side
cover and a second open end portion at the other
end which is hermetically fixed to around the
second side cover.

10. The battery module set forth in claim 9, wherein
the first side cover, the second side cover, and the
seal member are made of resin respectively,
the first open end portion of the seal member is her-
metically fixed by welding to the first side cover, and
the second open end portion of the seal member is
hermetically fixed by welding to the second side cov-
er.

11. The battery module set forth in claim 10, wherein
the first open end portion of the seal member is weld-
ed to the first side cover without interposing adhe-
sive, and
the second open end portion of the seal member is
welded to the second side cover without interposing
adhesive.

12. The battery module set forth in any one of claims 9
to 11, wherein
the seal member is formed of a rectangular sheet-
like seal member wrapped in a sleeve shape around
the cell group and the gas duct member so that a
first end portion along a first edge and a second end
portion along a second edge opposite the first edge
overlap each other, and the first end portion and the
second end portion are hermetically fixed to each
other.

13. The battery module set forth in claim 12, wherein
the sheet-like seal member is made of resin, and
the seal member is arranged such that the first end
portion and the second end portion of the sheet-like
seal member are hermetically fixed to each other by
welding.

14. The battery module set forth in claim 13, wherein
the first end portion and the second end portion of
the seal member are welded to each other without
interposing adhesive.

15. The battery module set forth in any one of claims 9
to 14, wherein
the seal member is in close contact with each cell
case of the cell group.

16. The battery module set forth in any one of claims 9
to 15, wherein
the seal member is unfixed to at least a first-side-
cover-side portion of the gas duct member, the por-
tion extending across a first predetermined range
from the first side cover in the cell arrangement di-
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rection, and a second-side-cover-side portion of the
gas duct member, the portion extending across a
second predetermined range from the second side
cover in the cell arrangement direction.

17. The battery module set forth in any one of claims 9
to 15, wherein
the seal member is fixed to the gas duct member
from one end to the other in the cell arrangement
direction, and
the gas duct member includes a plurality of sub gas-
duct parts arranged in the cell arrangement direction.

18. A battery pack comprising one or more battery mod-
ules set forth in any one of claims 1 to 17.

19. A method for producing a battery module, comprising
a sealing step of wrapping a rectangular sheet-like
seal member having a first edge and a second edge
and a third edge and a fourth edge around a yet-to-
be-sealed battery module to hermetically seal it, the
yet-to-be-sealed battery module comprising:

a cell group in which a plurality of cells each
provided with a safety valve in a safety-valve
mounting wall of a cell case is arranged in a row
so that the safety-valve mounting walls are ori-
ented in the same direction;
a gas duct member placed over the safety valves
of the cell group to cover them, thereby forming
a gas discharge path between the gas duct
member and the safety-valve mounting walls;
a first side cover that covers the cell group and
the gas duct member from one ends thereof in
a cell arrangement direction;
a second side cover that covers the cell group
and the gas duct member from the other ends
thereof in the cell arrangement direction and has
a gas discharge port communicated with the gas
discharge path; and

wherein the sealing step includes:

placing the sheet-like seal member so that the
first edge and the second edge extend along the
cell arrangement direction;
wrapping the sheet-like seal member around the
yet-to-be-sealed battery module so that the sec-
ond end portion along the second edge overlaps
the first end portion along the first edge from
outside while the third end portion along the third
edge surrounds the first side cover and the
fourth end portion along the fourth edge sur-
rounds the second side cover;
hermetically fixing the second end portion to the
first end portion, forming the sheet-like seal
member in a sleeve shape;
hermetically fixing the third end portion to the

first side cover; and
hermetically fixing the fourth end portion to the
second side cover.

20. The battery module producing method set fourth in
claim 19, wherein
the sheet-like seal member is a full adhesive sheet-
like seal member whose entire surface is applied with
adhesive, and
the sealing step includes:

hermetically fixing by adhesion the second end
portion to the first end portion;
hermetically fixing by adhesion the third end por-
tion to the first side cover; and
hermetically fixing by adhesion the fourth end
portion to the second side cover.

21. The battery module producing method set fourth in
claim 19, wherein
the sheet-like seal member is made of resin and the
second end portion includes a second nonadhesive
area which extends between the third edge and the
fourth edge and is applied with no adhesive, and
the sealing step includes hermetically fixing by weld-
ing the second nonadhesive area of the second end
portion to the first end portion.

22. The battery module producing method set fourth in
claim 21, wherein
the sheet-like seal member includes a second ad-
hesive area applied with adhesive in the second end
portion closer to the second edge than the second
nonadhesive area, and
the sealing step includes temporarily fixing by adhe-
sion the second adhesive area of the second end
portion to the first end portion, and then welding the
second nonadhesive area of the second end portion
to the first end portion.

23. The battery module producing method set fourth in
claim 19, 21, or 22, wherein
the sheet-like seal member is made of resin,
the third end portion includes a third nonadhesive
area applied with no adhesive, extending between
the first edge and the second edge,
the fourth end portion includes a fourth nonadhesive
area applied with no adhesive, extending between
the first edge and the second edge, and
the sealing step further includes hermetically fixing
by welding the third nonadhesive area of the third
end portion to the first side cover, and hermetically
fixing by welding the fourth nonadhesive area of the
fourth end portion to the second side cover.
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